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ABSTRACT 

Composite  manufacturing  is  the  novel  branch  of  science ,  which  finds  its  immense  applications  in  various 
industries  such  as  sporting ,  automotive ,  aerospace  and  marine  industries.  The  superior  properties  of  composites  such  as 
stiffness ,  better  mechanical  properties ,  low  density  and  light  weight  make  it  a  candidate  in  engineering  applications.  The 
need  for  seeking  alternate  materials  with  increased  performance  in  the  field  of  composites  revived  this  research ,  to  prepare 
fiber  reinforced  composites  by  hand  layup  method  using  E-glass  and  coconut  fibers  with  length  5-6  mm.  The  resin  used  in 
the  preparation  of  composites  was  epoxy  and  polyester.  Fiber  reinforced  composites  were  synthesized  at  18:82  fiber-resin 
weight  percentages.  Samples  prepared  were  tested  to  evaluate  its  mechanical  and  physical  properties ,  such  as  tensile 
strength,  flexural  strength,  impact  strength,  hardness  and  scanning  electron  microscope  (SEM).  Scanning  electron 
microscope  analysis  revealed  the  morphological  features.  E-glass  fiber  reinforced  epoxy  composite  exhibited  better 
mechanical  properties  than  other  composite  samples.  The  cross  linking  density  of  monomers  of  the  epoxy  resin  and 
addition  of  the  short  chopped  E-glass  fibers  enhanced  the  properties  of  E-glass  epoxy  fiber  reinforced  composite. 
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INTRODUCTION 

In  modern  engineering  applications,  fiber  reinforced  plastics  are  used  widely  in  aircraft  and  spacecraft 
structural  parts  due  to  its  mechanical  and  physical  properties  like  high  specific  strength  and  specific  stiffness. 
Though  there  are  different  thermoset  materials  available  as  resin,  still  epoxy  remains  as  a  choice  due  to  its  ability  to 
obtain  desired  chemical  and  mechanical  properties  [1].  The  composites  are  usually  made  using  artificial  and  natural 
fibers.  Artificial  fibers  such  as  glass,  carbon,  and  aramid  offer  the  advantages  of  higher  stiffness  and  strength  to 
weight  ratio  [2].  Among  this  glass  fiber  stands  out  as  a  lightweight,  strong,  and  robust  material  in  different 
industries  due  to  their  excellent  properties  [3].  Despite  these  advantages,  the  use  of  synthetic  fiber  reinforced 
polymer  composites  in  automotive  applications  is  growing  [4] . 

The  mechanical  properties  of  randomly  oriented  E-glass  fiber  reinforced  epoxy  such  as  flexural  and  tensile 
strength  increased  with  increase  in  weight  fraction  of  the  fiber  [5].  Brittleness  also  increased  with  increase  in  weight 
percentage,  which  reported  a  decrease  in  the  impact  energy  [6].  E-glass,  along  with  various  resins  like  epoxy, 
polyester,  vinyl  ester,  evaluated  for  its  different  properties  found  mechanical  stress  concentrations  were  a  greater 
threat  to  brittle  fracture  [7].  However,  brittle  fracture  can  be  successfully  eliminated,  or  at  least  unnaturally  reduced, 
by  the  correct  chemical  optimization  of  composite  to  stress  deterioration  cracking  [8].  Tensile  properties  of 
Kevlar/Glass-  Epoxy  Hybrid  Composite  across  and  along  the  fiber  direction  were  found  to  be  tougher  along  the 
fiber  direction,  than  across  the  direction  of  the  fibers  [9].  An  attempt  was  made  to  develop  a  natural  and  artificial 
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fiber  reinforced  hybrid  composite  material  with  finest  properties  to  substitute  the  existing  synthetic  fiber  reinforced 
composite  material  in  automobile  leaf  spring.  Jute  and  E-glass  woven  roving  mats  are  used  as  reinforcements  and  epoxy 
resin  is  used  as  the  matrix  material  [10]. 

Tensile  strength  (TS)  of  short- fiber-reinforced  polymers  (SFRP),  was  derived  as  a  function  of  fiber  length  and 
fiber  orientation  distribution  [11]. Out  of  various  natural  fibers  investigated  for  their  use  in  plastics,  some  of  them  like 
kenaf,  ramie,  Flax,  hemp,  sisal,  coir,  jute,  straw,  wood  fiber,  oil  palm,  rice  husks,  wheat,  barley,  oats,  cane  (sugar  and 
bamboo),  empty  fruit  bunch,  water  pennywort,  kapok,  banana  fiber,  pineapple  leaf  fiber,  paper-mulberry,  raphia  and 
papyrus,  grass  reeds  are  used  very  commonly  for  researches [12].  Their  applications  have  increased  extraordinarily  as  a 
consequence  of  which,  the  use  has  also  increased  extensively.  Natural  fibers  have  the  advantage  of  cost  savings  and 
reduction  in  density  compared  to  glass  fibers  [13].  As  the  manufacturing  of  natural  fibers  is  cheap  and  environment 
friendly,  it  can  be  measured  as  a  substitute  source  to  synthetic  fibers.  The  uses  and  applications  of  jute  and  banana  fiber 
composites  are  discussed  in  detail  [14]. 

Jute  fiber,  due  to  its  easy  availability  and  commercial  nature  revealed  moderate  mechanical  properties.  But,  by 
treating  the  fiber  in  alkali  medium  mechanical  property  can  be  enhanced  [15].  Tensile  strength  of  oriented  discontinuous 
fiber  composites  was  evaluated  by  single  fiber  pull  out  showed  the  fiber/matrix  adhesion  was  good  due  to  the  natural  waxy 
surface  [16].  Tensile  and  flexural  strength  of  pineapple  leaf  fiber  reinforced  polypropylene  composites  as  a  function  of 
volume  fraction  were  found  to  be  increasing  with  fiber  content,  in  accordance  with  the  rule  of  mixtures  [17].  Straw 
reinforced  polyester  composites  with  volume  fraction  of  40%  resulted  in  high  tensile  strength  104  MPa  [18].  kenaf  fiber- 
reinforced  composites  tensile  and  flexural  strength  has  increased  linearly  with  fiber  content  up  to  50%  [19]. 

The  literature  study  shows  that  the  composites  importance  in  numerous  diverse  areas  such  as  automobile, 
structural,  aerospace  and  marine  applications.  Reviews  confirm  very  few  researches  have  been  carried  out  in  the  effects  of 
fiber  properties  on  the  mechanical  performance  of  the  polymer  composites.  Development  of  a  high-performance  composite 
using  natural  and  artificial  fibers  has  been  a  major  area  of  concern.  This  research  studies  the  mechanical  and  physical 
properties  of  both  natural  and  artificial  fiber  reinforced  composite  (E-glass  and  coconut  fiber).  The  fiber  reinforced 
composites  were  synthesized  by  using  E-glass  and  coconut  reinforced  with  epoxy  and  polyester  resin.  The  prepared 
composites  were  subjected  to  hardness,  flexural  strength,  impact,  tensile  test  and  SEM. 

EXPERIMENTAL  PROCEDURE 

E-glass  and  coconut  fibers  of  length  5-6  mm  were  used  for  preparing  fiber  reinforced  composites.  Fiber  reinforced 
composites  were  synthesized  at  18:82  fiber-resin  weight  percentages.  The  synthesis  of  E-glass  composites  and  coconut 
fiber  reinforced  composites  with  different  resins  used  in  this  research.  Tri  ethylene  tetra  amine  (TETA)  was  used  as  the 
hardener  for  epoxy  resin,  and  whereas  for  polyester  methyl  ethyl  ketone  peroxide  (MEKPO)  was  used.  The  specimen  was 
prepared  by  using  hand  layup  method.  Fibers  in  required  weight  percentages  were  added  to  the  resin  and  mixed  properly. 
The  mixture  was  added  with  the  respective  hardener  and  then  poured  into  mould  and  were  allowed  to  set  for  24  hours.  The 
specimens  were  prepared  according  to  ASTM  test  standards.  Tensile  test  was  carried  out  as  per  the  ASTM  D3039  standard 
using  a  Shimadzu  universal  testing  machine  (UTM)  setup  to  determine  the  tensile  strength.  Flexural  strength  of  the  fiber 
reinforced  composites  was  determined  by  conducting  three  point  bend  tests  on  the  specimen  in  UTM  (ASTM  D790). 
Impact  energy  was  determined  by  conducting  charpy  test  (ASTM  A3 70)  notched  in  the  middle  at  45  degrees.  Rockwell 
hardness  test  was  carried  out  at  100kg  applied  load  using  the  indenter  of  1/16”  with  chosen  M  scale. 
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Figure  1:  Tensile  Test  Setup  Shimadzu 
Universal  Testing  Machine 
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Figure  2:  Flexural  Test  Setup  Shimadzu 
Universal  Testing  Machine 


Fiber  reinforced  composite  specimens  prepared  were  subjected  to  tensile,  flexural,  hardness  and  impact  tests.  The 
obtained  results  were  analyzed,  compared  and  conclusions  were  derived  from  the  same.  E-glass  fiber  reinforced  epoxy 
matrix  composites  showed  better  mechanical  properties  in  all  the  tests  results.  The  coconut  fibers  being  biodegradable 
revealed  considerably  good  mechanical  properties. 

Tensile  Test 

Test  results  confirmed,  coconut  fiber  epoxy  composites  exhibited  maximum  tensile  strength  compared  to  coconut 
fiber  polyester,  this  may  be  due  to  the  restriction  of  the  mobility  and  deformability  of  the  matrix.  Ultimate  stress  and  the 
fracture  point  are  visible  from  the  stress  strain  plot  shown  in  Figure  2.  Young’s  modulus  of  composite  specimen  calculated 
shows  good  value  of  3.117  GPa  for  the  E-glass-epoxy  composites  (Table  1).  Tensile  strength  and  young’s  modulus  for 
composite  specimens  were  estimated  from  the  ultimate  load  values  in  load  displacement  graph.  The  tensile  strength  and 
young’s  modulus  for  E-glass-epoxy  composites  were  calculated  based  on  the  equation.  Tensile  load  of  glass  composite  is 
found  to  be  high  (Table  1).  It  is  found  that  tensile  load  of  epoxy  E-glass  composite  is  higher  than  polyester  coconut 
composite. 

The  percentage  elongation  of  coconut-glass  fiber  reinforced  composite  is  found  to  be  higher  than  the  other 
composites,  and  hence  it  may  have  more  ductile  property  in  nature. 

ot  =  P/bh  (1) 

ot  =  2431.36/(12  x  5)  =  40.53  MPa 

Young’s  modulus  =  Tensile  stress  /  Tensile  strain  (2) 

E  =  40.537.013  =  3.117  GPa 
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Figure  3:  Tensile  Stress  Strain  Plot  of  E-Glass  Fiber  Figure  4:  Tensile  Stress  Strain  Plot  for  Coconut  Fiber 
Reinforced  Polymer  Composites  Reinforced  Polymer  Composites 

Figure  3  indicates  the  stress  strain  plot  for  E-glass  and  coconut  fiber  reinforced  composites.  It  is  evident  from  the 
curve  that  the  composites  showed  brittle  nature  as  they  reached  the  rupture  point  abruptly  without  any  sign  of  neck 
formation.  The  strength  of  coconut  fiber  reinforced  composites  and  E-glass  fiber  reinforced  composites  shows  the  dynamic 
characteristics  of  composite  indicating  load  transfer  characteristics. 


Table  1:  Tensile  Test  Results  for  E-Glass  and  Coconut 
Fiber  Reinforced  Polymer  Matrices 


Tensile  Properties 

E-Glass 

Coconut 

Fiber 

Epoxy 

Polyester 

Epoxy 

Polyester 

Tensile  strength  (MPa) 

40.53 

28.87 

17.43 

14.8 

Young’s  Modulus  (GPa) 

3.117 

2.406 

1.584 

0.986 

Maximum  Strain 

.013 

.012 

.011 

.015 

Maximum  stress  (MPa) 

40.53 

28.87 

17.43 

14.8 

Maximum  Load  (N) 

2431.36 

1732.34 

1046 

888 

Flexural  Test 

Flexural  strength  of  composites  is  presented  in  Table  2.  E-glass  epoxy  specimen  resisted  a  flexural  load  of  532.65 
N  before  succumbing  to  it.  The  ultimate  loads  for  the  E-glass-polyester,  coconut-epoxy,  and  coconut  polyester  fiber 
reinforced  composites  were  306.8 IN,  108.44  N,  108.337  N  respectively.  But,  incorporation  of  long  fiber  into  the 
composite  reduced  the  workability  thus  introduced  voids  Flexural  load  was  always  found  to  be  higher  than  the  tensile  load 
due  to  orientation  of  fibers.  Presence  of  a  small  crack  in  composites  subjected  to  tensile  test  will  also  act  as  a  stress 
concentrating  factor.  Tensile  load  being  applied  will  pull  the  fibers  out  easily.  But,  in  flexural  testing  the  load  applied  is 
perpendicular  to  the  cross  section  of  specimen.  Hence,  the  load  resisted  by  the  specimen  is  always  higher  than  the  tensile 
testing.  E-glass  epoxy  composite  was  found  to  show  superior  flexural  strength  and  flexural  modulus  (177.37  MPa  and 
1 1.09  GPa).  Flexural  modulus  was  calculated  using  by  the  formula  given  in  the  equations  3  and  4. 

of  =  3PL/2bh2  (3) 

of—  3  x  532.65  x  80/  (2  x  10  x  62)  =  177.37  MPa 

Flexural  modulus  =  L3m/4bh3  (4) 

The  calculated  flexural  modulus  of  E-glass  polyester  composite  was  6.391  GPa,  whereas  it  is  1.291  and  2.777 
GPa  for  coconut-epoxy  and  coconut-polyester  composites.  Flexural  modulus  gave  a  measure  of  the  stiffness  of  the 
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material.  The  materials  with  higher  value  of  flexural  modulus  are  said  to  be  stiffer,  and  hence  will  be  of  brittle  nature.  The 
flexural  modulus  of  ductile  materials  is  found  to  be  generally  lower  than  that  of  brittle  materials. 


Table  2:  Flexural  Test  Results  for  E-Glass  and  Coconut 
Fiber  Reinforced  Polymer  Matrices 


Flexural  Properties 

E-Glass 

Coconut 

Resin 

Epoxy 

Polyester 

Epoxy 

Polyester 

Flexural  strength(N/mm2) 

177.37 

102.27 

36.15 

36.11 

Flexural  Modulus  (GPa) 

11.09 

6.391 

1.291 

2.777 

Maximum  Flexural  strain 

.015 

.016 

.028 

.013 

Maximum  stress  (N/mm  ) 

177.37 

102.27 

36.15 

36.11 

Maximum  Load(N) 

532.65 

306.81 

108.44 

108.337 

Figure  5:  Flexural  Stress  Strain  Plot  of  E-Glass  Fiber  Figure  6:  Flexural  Stress  Strain  Plot  for  Coconut  Fiber 
Reinforced  Polymer  Composites  Reinforced  Polymer  Composites 

Flexural  test  generally  helps  determine  the  degree  of  brittleness  of  the  material.  The  brittle  materials  tend  to  break 
abruptly  without  any  specific  warning,  where  as  in  ductile  fracture  the  symptoms  of  breakage  are  visible  before  the  fracture 
point.  During  the  bending  stress  if  the  fibers  at  the  sides  are  strong  then  they  resist  the  fracture.  Breaking  load  of  glass 
composite  is  found  to  be  higher  than  the  coconut  composites.  The  breaking  load  of  epoxy  E-glass  composite  is  1.73  times 
higher  than  polyester  E-glass  composite  and  4.9  times  higher  than  epoxy  coconut  fiber  composite.  The  elongation 
percentage  of  coir-glass  composite  is  found  to  be  greater  than  other  composites,  hence  it  is  found  to  have  higher  ductility. 
From  the  results  of  the  tensile  test,  it  can  be  concluded  that  the  epoxy  E-glass  composite  has  better  performance  compared 
to  other  types  of  composites. 

Microstructural  Study 

Figure  7  shows  the  SEM  images  of  fracture  surfaces.  It  was  observed  that  the  uneven  matrix  cracking  and  void 
formation  reduced  in  treated  coir  than  the  untreated  coir.  This  is  due  to  the  good  laminar  bond  between  treated  coir  and 
resins.  The  treated  coir  fibers  restricted  the  applied  flexural  load  better  than  untreated  coir  fibers.  It  was  found  to  have  good 
interfacial  bonding  and  no  micro  cracks  which  has  given  the  composite  little  positive  strength.  Coir  fibers  exhibited  greater 
improvement  of  impact  strength  due  to  the  removal  of  hemicelluloses  and  impurities  in  the  fiber  treatment  process.  SEM 
analysis  showed  that  the  interfacial  bonding  adhesion  between  the  fiber  and  polyester  matrix  as  considerably  good,  when 
compare  to  epoxy  matrix  and  also  the  curing  time  of  the  polyester  resin  is  less  than  the  epoxy  resin.  Fiber  pullout  is  visible, 
which  clearly  indicate  the  improper  fiber-matrix  adhesion.  This  leads  to  a  considerable  reduction  in  the  strength  of  the 
composites  (Figure  8).  Though  matrix  is  responsible  for  the  uniform  stress  transfer,  the  air  voids  inside  the  resin  is  one  of 
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the  main  reasons  for  reduction  in  strength  of  the  composite 


Figure  7:  SEM  Image  for  E-Glass  Reinforced  Polyester  Composite 


Impact  Test 

Charpy  test  is  conducted  for  determining  the  impact  energy  of  the  composites  to  study  the  resistance  of  the 
specimen  against  shocks.  The  energy  absorbed  by  the  specimen  to  failure  was  obtained  in  joules.  The  obtained  energy  in 
joules  indicates  the  resistance  of  the  material  to  shock  loads.  The  specimens  prepared  according  to  the  ASTMA370 
standards  (55x10x10  mm)  were  used  for  this  process.  Comparatively  lower  values  obtained  for  the  impact  test  in  the 
coconut  fiber  reinforced  composites  was  due  to  the  brittle  nature  of  the  composites  (Figure  5).  The  epoxy  E-glass 
composite  has  high  impact  strength.  Energy  absorbed  by  each  specimen  when  it  is  subjected  to  heavy  impact  blow  from 
pendulum,  the  crack  formation  happens.  The  crack  usually  transferred  through  the  fiber  and  resin  of  the  composite.  So, 
when  crack  travels  through  the  composite  absorption  of  energy  will  be  high.  The  breaking  load  of  Glass  fiber  reinforced 
composite  is  found  to  be  high  (5.8  KN).  It  is  found  that  breaking  load  of  Epoxy  E-glass  fiber  reinforced  composite  is  1.93 
times  higher  than  epoxy  coconut  fiber  reinforced  composite  and  2.07  times  higher  than  polyester  coconut  fiber  reinforced 
composite. 


80 


E-Epoxy  E- Polyester  C- Epoxy  C-  Polyester 
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Figure  8:  Impact  Test  Results  for  E-Glass  &  Coconut 
Fiber  Reinforced  Polymer  Matrices 


Hardness  Test 

Hardness  test  is  performed  with  a  ball  indenter  1/16”  with  an  applied  load  of  100.  Tests  results  showed  that  the  E- 
glass  fiber  reinforced  epoxy  composites  have  the  highest  hardness  value.  The  results  indicate  that  more  than  the  fiber,  the 
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resin  plays  an  important  role  in  determining  the  hardness  of  the  material.  As  shown  in  Figure  6,  the  average  hardness  value 


of  E-glass  fiber  reinforced  epoxy  composites  were  found  to  be  68.2,  it  showed  highest  hardness.  This  is  due  to  the  fact  that 
the  matrix  material  increased  proportionately  to  bond  with  the  resin. 

■ 

E-Epoxy  E- Polyester  C- Epoxy  C-  Polyester 
Fiber  Reinforced  Composites 

Figure  9:  Rockwell  Hardness  Test  Results  for  E-Glass  and 
Coconut  Fiber  Reinforced  Polymer  Matrices 

CONCLUSIONS 

E-glass  and  coconut  fiber  reinforced  epoxy  and  polyester  composites  were  successfully  prepared.  The  prepared 
specimens  were  subjected  to  mechanical  and  micro  structural  characterization.  Based  on  the  obtained  results,  following 
were  the  conclusions.  Investigations  showed  the  potential  use  of  coconut  fiber  reinforced  polyethylene  composite  with 
good  stiffness,  but  with  a  limitation  in  the  strength  lesser  than  glass  fiber  composite 

E-glass  reinforced  epoxy  resin  composites  showed  better  mechanical  properties.  E-glass  epoxy  composites 
showed  a  tensile  strength  of  40.53  MPa,  flexural  strength  of  177.37  MPa,  impact  strength  of  5.75  J,  and  hardness  value  of 
68.2  HRm.  The  obtained  results  of  coconut  fiber  reinforced  composites  cannot  be  ignored.  From  the  investigation,  it  shows 
potential  use  of  coconut  fiber  reinforced  composites  with  good  stiffness,  but  with  a  limitation  in  strength. 
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